Apis cerana is one of ten currently recognized honey bee species of the genus Apis (Family Apidae, Subfamily Apinae, Tribe Apini) (Ruttner, 1988; Arias & Sheppard, 2005) . These cavity nesting bees build a series of parallel combs and can be domesticated, and cover huge geographical areas with a large range of ecological and climatic conditions of Asia. A. cerana is an excellent crop pollinator. A. cerana is successfully kept in hives for honey production, and is particularly important for small scale beekeeping. Korean apiculture has a 2000-year history with A. cerana. The exotic honeybee (Apis mellifera) was firstly imported to Korea since 1900s. Native (A. cerana) and exotic bees have co-existing but rather in a hostile relationship (Lee, 2010). 
INTRODUCTION
Multiple mating is phenomenon among species of social Hymenoptera (Strassmann, 2001) . Apis genus are copulating multiple times, and they have the high degree of polyandry (Moritz et al., 1995; Oldroyd et al., 1998; Rinderer et al., 1998) . Queens store spermatozoa in their spermathecae and can keep them alive for many years (Koeniger, 1986; Collins, 2000) . Queen mates naturally in many flights (Woyke, 1973; Koeniger et al., 1986; Ruttner et al., 1972; Jennions and Petrie, 2000) , in each mating flight she mates with more than ten drones in the air space of the drone congregation areas (Koeniger, 1979; Ruttner, 1985; Woyke, 1975) . Once queens have started egg-laying, they never mate again even if they run out of sperm (Winston, 1987) .
In 1975, Woyke investigated that the queens of A. c. indica fly out between 13:30~15:30 h, and mating occurs between 14:00~15:00 h. The mean duration of a mating flight is 27 minutes and queen mates with an average of 10 drones in one flight (Woyke, 1975) . Queens fly out when they are 3.6 days after emergence (Sharma, 1960) . Yoshida et al. (1994) has reported that the flight times of A. c. japonica queen are 13:15~17:00 h, and those of the drones are 13:15~16:30 h. Successful mating flights of queens occurs between 14:45 and 16:35 h (Yoshida et al.,1994) .
Natural mated queen has 1.5~3mm 3 (average 1.9mm 3 )
semen in the oviducts, and a young laying queen has a mean of 1.3 million spermatozoa in the spermatheca.
Queen instrumentally inseminated twice with a total of 6 mm3 semen collected from 20-36 drones has on average 1.4 million spermatozoa in the spermatheca and can lay only fertilized eggs for one year (Woyke, 1975) .
During mating flights, queen honeybee coupulates with numerous drones. The risk of multiple mating flights of honey bee queens includes increased exposure to predators, risk of injury to the body, and some diseases transmission (Simmons and Siva-Jothy, 1998 (Page and Laidlaw, 1985; Harbo and Rinderer, 1980) . Instrumental insemination has an advantage to store and ship honey bee semen. Short term storage has been improved (Collins, 2000) . The ability of shipping isolated semen of honey bees minimizes risk of spreading pests and diseases. 
MATERIALS AND METHODS
The experiments were conducted using colonies of Apis cerana and Apis mellifera at the apiary of National Institute Step 1: Collecting semen from drones
Step 2: Cage the queen in queen backup tube
Step 4: Opening the sting chamber by dorsal and ventral hooks
Step 5: Well opened sting chamber of queen
Step 3: Narcotized queen in queen's holding tube
Step 6: Inject glass tip containing semen to vagina orifice To stimulate egglaying of artificially inseminated queen, there were twice CO 2 treatments, once before and once after the date of artificial insemination. Queens received twice insemination didn't have the second CO 2 treatment.
Semen of drones in one test (200 drones) was collected using glass capillary tube. The amount of collected semen was measured by Harbo syringe (Fig. 1) .
Drones for semen collection were caught in the entrance of the hives between 14:00 h and 15:00 h. Drone cage was kept in cool and dark place about 10 minutes to calm down drones. A researcher squeezed the thorax of the drone to evert the endophallus and semen. Number of drones that endophallus were partly everted or unable to eject semen was considered as failure drones.
On May, 14 virgin queens were introduced into mating hives with medium colony size (about 3,500~4,000 adult bees with 3 brood combs). Four queens were let to naturally mate, the rest 10 queens were artificially inseminated; 5 queens were inseminated once with 4 micro-little (µl) of semen and the other ones were inseminated twice, each time with 4µl of semen.
On June, the experiment was repeated. The artificially inseminated queens and naturally mated ones were let to lay egg in mating hives with medium colony size (about 4,000 adult bees with 3 brood combs) to evaluate queens' performance by their brood production and colony development. All experiment colonies were similarly supplied with supplemental feedings.
The performance of queens was evaluated as her egg laying capacity and the colony development. Observations on the brood production were carried out twice in July and August: After the queens laid eggs for 25~30 days, on 20
July, all colonies were evaluated for the number of worker bees and broods (larvae and pupae); the second evaluation was done after the another 20 days (on 8 August). A frame (with size similar to bee comb provided with wire-grid of 5x5cm), was used to estimate number of worker bees and number of broods (larvae and pupae) (Delaplane, 2013) . 
RESULT AND DISCUSSION

Semen production of drones
In Apis cerana, there were high percentages of drones that cannot eject semen even the endophallus is completely everted. Some with the endophallus was everted but broken or ruptured at the tip, and consequently the semen was mixed with hemolymph. Such semen was contaminated and could not be collected and used. The drones that can not evert endophallus or contaminated semen were considered as failure drones.
The records in Number of drones to collect 1µl of semen was about 17 drones (11~12 drones successfully ejected semen), it is higher number than the data reported by Woyke (1975) with 12~13 drones of A. c. indica, because the amount of semen collected from one drone of Korean A. cerana (0.09 µl) is less than that of A. c. indica (0.16µl) as found by Woyke (1975) or 0.2µl by Ruttler et al.(1972) . The volume of semen per drone of A. mellifera was 0.58µl, that is similar to the study of Harbo (1986) . To avoid stuck of glass tip by mucus during semen collection, we did not try to harvest all the semen that spread in a very thin layer above the mucus. This can explain why the amount of semen collected from one drone in our data was lower than the results of Woyke (1973 and 1975) . 
Onset of the oviposition
Eighteen queens were successfully inseminated using Queens received inadequate number of sperms in first mating flight would take other mating flight (s), and then the onset of oviposition is delayed (Koeniger et al., 1990; Oldroyd and Wongsiri, 2006) . The number of spermatozoa in 1µl of semen of A. cerana drone is about 1.9~2.9 million (Yoshida et al., 1994; Ruttner et al., 1973) . Only about 10% of spermatozoa from one drone can reach to the spermatheca of the queen whereas more than 90% of spermatozoa, injected into the oviduct and spermaduct, is rejected (Koeniger et al., 2004) . In the report of Ruttner (1985) , up to 1.9 million living spermatozoa were counted in the spermatheca of A. cerana. Woyke (1975) also reported that naturally mated queens had 0.66~1.99 million spermatozoa in the spermatheca (with average: 1.33 million), whereas the queens artificially inseminated with 6µl semen had 1.44 million spermatozoa in the spermatheca. Naturally mated queens start laying egg sooner than artificially inseminated ones. This can be explained by the different time of insemination. A. cerana bees do the mating flight (s) about 3.6 days after emergence (Sharma, 1960) , but the queens were artificially inseminated 6 days after emergence with about 3 days difference. Moreover, the artificially inseminated queens were exposed to CO 2 treatment to stimulate egg laying, and this may influence the physiological development and the onset of oviposition. Table 2 shows that the number of worker bee and larvae In August, numbers of worker bee, pupae and larvae were insignificantly different in all the colonies. The numbers of worker bee and larvae were slightly increased, and were higher than that of July but the number of pupae was decreased. After the second evaluation on August, some colonies had symptoms of Sacbrood virus infection, and the queen of infected colonies was caged in about 7 days to treat this disease. Due to the Sacbrood virus infection, we did the colonies evaluation in only 2 months.
Colony development and brood production
Our result suggested that artificially inseminated queens laid egg and produced brood as well as natural mated queen did. Woyke (1975) 
